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1 Introduction
In the last plenary the WI for an NR repeater [1] was approved. The WI covers both FDD and TDD repeaters for both FR1 and FR2.
Repeaters have been specified in the past for both UTRA and E-UTRA, whilst the E-UTRA repeater was only for FDD a LCR TDD has also been specified for UTRA. 
Whilst the WI specifically excludes the repeater from beamforming towards the UE, it will exist in a network where beam forming is used at both the BS and the UE (FR2) and the effect of the repeater in such a network should be considered.
This paper looks at potential differences when using a repeater in an AAS network compared to a non-AAS network.
2 Discussion
2.1 Downlink
When analysing the co-existence interference of an AAS in the DL UE’s are randomly dropped and connect to the strongest AAS signal. The AAS then points a beam in the direction of that UE.
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2.1.1	Interference
In simulations whilst the additional gain of the AAS antennas causes additional interference in the direction it points the interference in other directions is reduced. An individual UE may suffer a greater level of interference in some cases but this is averaged out as the beam moves so at other times it receives less interference. As the co-existence is assessed statistically the AAS power is distributed over the cell on average the same as a non AAS fixed antenna, as such the statistical throughput degradation for the 2 systems is almost the same.
The co-existence analysis works based on the fact that both the wanted UE (and hence AAS beam direction) and the victim UE are randomly placed. Hence there are 2 layers of random behaviour in the system. Clearly it will not always be the case that the UEs are randomly placed however the fact there are 2 layers of randomness means that losing one will not significantly change the results.
If a repeater is used then it can be seen that the beam will be directed not at the randomly placed UE’s but at the repeater for a much higher proportion of the time. 
As discussed in a normal RAN4 co-existence simulation this will probably not have any noticeable effect on the throughput cdf as the victim UE’s are still randomly placed and hence there is sufficient randomness in the system.
However if the victim is fixed and in the direction of the  repeater the randomness of the system will be gone, in this case as fixed victim  can expect greater interference than it would for a non-AAS system. 
Care might need to be taken placing repeaters in AAS networks with fixed victim systems.
2.1.2	Beam steering
In a TDD system where we assume beam reciprocity is assumed the BS will point its beam in the direction of the received signal, this will be the repeater rather than the UE, which is as it should be.
However for FDD AAS systems were the UL and DL are in different frequencies and reciprocity is not assumed the BS relies on feedback from the UE to set the beam forming weights. It would be expected that the BS points at the repeater for the system to work however the UE is receiving the signal from a fixed antennas repeater rather than the AAS directly, it is possible that the channel and the repeater can be modelled as single channel, however its not clear that the lookup tables and channel models designed for the system are suitable for this task. This should be further investigated.
2.2	Uplink
In the UL the BS receives with a directional beam, statistically it can be considered that it will point in the direction of the repeater more often than would be expected in a normal deployment of UE’s.
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It can be expected that UE will radiate as normal; for an omni-directional FR1 UE this will make no difference compared to if it were communicating with a BS directly, for a directional FR2 UE the beam will point towards the repeater rather than the BS, however as the UE’s are assumed to be randomly dropped in a co-existence simulation it seems unlikely this will alter the average radiation in the cell.
There are however additional radiators (in the form of the repeater in the cell), and hence there will be more UL power radiated than in a normal scenario. The repeater will radiate with a possibly higher EIRP than the UE due to its directional antenna (pointing towards the BS). However this scenarios is the same as for a non-AAS repeater and hence as long as power levels are not in excess of those used of the E-UTRA repeaters can be considered a low risk.
It is likely that the controllable receive “beam” in the AAS BS will point towards the repeater statistically more often than the more random pattern expected with randomly dropped UE’s. This may make the AAS BS receiver more susceptible to blocking from fixed interferers in the direction of the repeater, however as the repeater has a directional antennas and should point towards the AASB, that link should be of good quality and less susceptible to interference.  

3 Summary
This paper looks at the co-existence interference scenarios when a RF repeater is used in an AAS BS network as opposed to a traditional non-AAS BS network. The following points have been raised:
· As the DL AAS BS beam will be less random than in a normal scenario the chance of interference to fixed victims statistically increases. 
· For FDD beam forming systems the existing beam forming code book may not be suitable for the complexity of a 2 hop link.
· For UL the scenario is similar to non-AAS risk of additional blocking to AAS BS receiver seems low.
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